This study investigates the effectiveness of food industry self-regulation. We examine the role of government in support of industry self-regulation and the possibility of a conjoined effort to ensure that susceptible young viewers are protected from deceptive television commercials that exacerbate the threat of childhood obesity. We argue that the food industry should have the authority to regulate television commercials, and the role of the government in this context should be restricted to proposing time limits for television commercials based on scientific evidence and the monitoring and supervising of food industry compliance. We emphasize that what matters for the success of self-regulation is not whether the credibility of the penalty scheme is guaranteed, but how the penalty scheme can guarantee an incentive for each food company to not violate self-regulation given government support. Additionally, consumer trust in a food industry self-regulation system depends on the level of government support. Less restrictive performance of the government might lead to a decrease in consumer confidence that would undermine industry self-regulation efforts. Therefore, we conclude that a mixed system in which both the government and the food industry participate is desirable for the protection of children from deceptive television commercials.
Introduction
Childhood obesity is a significant societal problem in Western countries. This condition has been linked to food and beverage industry television commercials that influence children who are susceptible and vulnerable to marketers. Substantial research from fields such as marketing, education, law, medicine, and nutrition has developed arguments concerning the shielding of children from deceptive television commercials. Three main solutions have been proposed.
The first is self-regulation by the food industry; that is, the industry should curtail the danger of childhood obesity through responsible advertising and other measures. The second is government regulation, which is considered the most effective tool because compliance is legally enforceable. The third is consumer socialization, which has been discussed in the extant literature from a consumer's perspective. Several prior studies address consumer socialization, particularly in the marketing field (e.g., Carlson & Grossbart, 1988; Miyamoto, 2015; Moschis, 1985; Rose, 1999; Ward, 1974) ; therefore, we do not discuss this topic extensively in this study. Our research interest is limited to the first two regulatory tools. Using a simple but useful model, we investigate (1) what type of penalty scheme the food industry requires for self-regulation to operate effectively, (2) why government regulation is ineffective, and (3) the government's possible supporting role in industry self-regulation if government regulation is not necessary. credibility of the penalty scheme is attached to the self-regulation system given the government support. However, consumer trust in industry self-regulation depends on the level of government support. Less restrictive performance of the government would lead to a decrease in consumer confidence, thereby undermining self-regulation. This implies that although the credibility of the penalty scheme is automatically guaranteed, consumer trust in industry self-regulation itself needs government support. The difference is the distinction between the penalty scheme and the industry self-regulation system. The penalty scheme or penalty rule is a component of self-regulation; that is, self-regulation is composed of the penalty rule (the major framework), government monitoring, and supervising. Thus, we conclude that a mixed system in which both the government and the food industry participate is desirable to protect children from deceptive television commercials.
Literature Review

Is Self-regulation Effective?
Garvin (1983) classifies industry self-regulation into two types: (1) self-regulation that benefits only some members of the industry at the expense of others and (2) self-regulation that benefits all of the participants. Garvin (1983) emphasizes that self-regulation including voluntary product standards and occupational licensing leads to the exclusion of new market entrants, which negatively affects national welfare; however, standards and occupational licensing ensure that products meet minimum quality levels. Garvin (1983) concludes that mixed systems "combining industry standards setting with government oversight" are most desirable as a policy option (p. 37). Galbraith-Emami and Lobstein (2013) survey a large number of papers published in peer-reviewed journals to determine whether children's exposure to the promotion of unhealthy food and beverage products was reduced after the introduction of industry self-regulation or government regulation. The authors conclude that companies' self-regulation efforts are unlikely to have the desired effects without adequate government monitoring. Wescott, Fitzpatrick, and Phillips (2012) insist that industry self-regulation can be "a valuable tool in improving public health outcomes" if there is "transparent and independent" monitoring support (p. 1928) . Boddewyn (1989) highlights the need for a "proper combination of societal controls" (p. 27). Our conclusion is fundamentally similar to the conclusions of prior researchers. Sharma, Teret, and Brownell (2010) summarize the history of self-regulation in various industries with a focus on the success and failure of self-regulation. The authors identify the necessary conditions for self-regulation to work effectively, one of which is the requirement of standards to earn societal trust. Gupta and Lad (1983) report that smaller companies would prefer direct governmental regulation rather than self-regulation if the self-regulation standards benefit companies that are stronger (that is, companies with more influence). In such contexts, self-regulation fails. Wilde (2009) argues that the success of self-regulation depends on the participation of leading food and beverage companies. Pomeranz (2010) notes that the Federal Trade Commission (FTC) has proven the ineffectiveness of self-regulation, which has led to growing recognition of the need for government regulation.
Consumer Socialization
Consumer socialization is not related to self-regulation and government regulation. However, we briefly address consumer socialization. Ward (1974) defines consumer socialization as the process "by which young people acquire the skills, knowledge, and attitudes relevant to their functioning as consumers in the market place" (p. 2). Subsequently, this argument has been rigorously developed in various research fields, particularly in marketing. The role of parents as consumer socialization agents has been emphasized from several perspectives: parent-child relations, parent-child interaction, family communication, and parent-company interaction (e.g., Carlson, Grossbart, & Stuenkel, 1992; Moschis, 1985; Özmete, 2009; Miyamoto, 2015) . Although the significance of consumer socialization is fully recognized, it is unlikely to contribute to a rapid reduction in the threat of childhood obesity to a greater extent than self-regulation. Therefore, we do not explore consumer socialization further in this study.
Model
Basic Framework
We present a simple model to explain how effectively self-regulation works in the food industry and the type of role that governments play in this context. Although we focus on self-regulation of the food industry as a whole, the research objects are individual food companies that are members of "self-regulation organizations," such as the Advertising Self-Regulation Council (ASRC) in the US and the European Advertising Standards Alliance (EASA) in Europe. Therefore, we focus on the behavior of an individual food company to examine the www.ccsenet.org/ijms International Journal of Marketing Studies Vol. 7, No. 4; effectiveness of the penalty scheme of food industry self-regulation, particularly in terms of time-length restrictions on television commercials.
A food company functions as a supplier of food products and as an advertiser who creates television commercials targeted at children to promote demand for food products. The demand for food products D depends on the amount of television commercials x. x is expressed by the time length such as minutes per hour. However, it is plausible that in our model, x is measured by the monthly unit (e.g., hours per month) associated with the monthly profits of a food company. Equation (1) shows the demand function, ,
where 0, and 0.
These two assumptions imply that although the demand for food products increases with the amount of commercials x, the rate of the increase in demand varies inversely with x. As this market is perfectly competitive, the price of the food products p is given for each food company. Additionally, a food company supplies the product amounts that correspond to demand . Therefore, the revenue function R of each food company ultimately depends on x, and is shown in equation (2):
where it is assumed that 0, and 0.
All costs C consist of two elements: food production costs and the cost of product advertising to children via television commercials. The latter cost depends on the amount of television commercials x, and is defined by C (x), where 0; 0.
In contrast, because the former cost is independent of x, it is assumed to be constant, ̅ . Additionally, our model standardizes ̅ to be zero without loss of generality; therefore, ̅ is no longer considered. Equation (3) shows a food company's profit function without sanction.
We assume that every food company is homogeneous and has the same properties; that is, we assume that the revenue function, cost function, and the profit function are identical for all food companies.
Commercial Time Limits
We consider the restriction that the government imposes limits on the length of television commercials, regardless of whether the system involved is self-regulating or government regulating. This restriction is referred to as "commercial time limits," defined by ̅ in our model. Commercial time limits define the maximum length of television commercials allowed during children's programs; food companies must comply with this standard when targeting children in advertising. This standard must be based on scientific evidence, particularly evidence from the nutrition and medical perspectives. Moreover, it is essential that consumers and the food industry agree that the standard ̅ is appropriate. If all parties are not satisfied with this standard, complaints about the standard will persist and the companies would have little incentive to comply with the standard. This is the reason for government-restricted commercial time limits ̅ .
In the US, the Children's Television Act (CTA) authorized the FTC to enforce hourly limits of "10.5 minutes per hour on weekends and 12 minutes per hour on weekdays" (Centers for Disease Control and Prevention [CDC] , 2012, p. 1). If a food company violates the code and exceeds the limit ̅ , fines are imposed on the company based on the amount of commercials that exceed the limit ̅ (see Section 4.1).
In addition to commercial time limits, some restrictions on the content of television commercials are required. The EU has established nutrition criteria for food and beverage advertising to children and has requested the food and beverage industries to follow the criteria (EU Pledge, 2012) . Because the focus of this study is the amount of television commercials, we do not discuss further the legislation related to advertising content. Our model assumes that all of the television commercials aired meet the required nutrition criteria.
Food Industry Self-Regulation
This section investigates a case where the food industry engages in self-regulation to respond to consumer claims. We examine how the scheme of self-regulation (that is, the "code") should be developed by the food industry. The responsibility of developing the code is delegated to a specific membership-based organization such as the Vol. 7, No. 4; 2015 4 ASRC in the US or the EASA in Europe. We refer to the food industry as the authoritative body that is responsible for industry self-regulation.
Penalty Rule
Effective self-regulation depends on the penalty rule designed by the food industry. An adequate penalty rule provides a level of incentive sufficient to encourage food company compliance with the code. The penalty rule is designed as follows.
The fines imposed should be proportional to the extent to which the food company exceeds the commercial time limits ̅ . The fine F is calculated as the difference between the commercial time limits ̅ and the actual amount of television commercials that a food company has aired multiplied by the "penalty rate" , where
where ̅ .
The evaluation method of the amount of the fine imposed is significant. Although this evaluation is straightforward, the introduction of the penalty rate is persuasive and tractable in our framework.
If a food company violates the code by airing television commercials x that exceeds the limit ̅ , the food company's profit function with sanctions is expressed by equation (5):
In contrast, equation (6) shows the profit function of a food company that stays at the limit ̅ :
The condition presented in equation (7) is necessary for effective and sustainable self-regulation.
Equation (7) implies that a food company is indifferent between complying with the code and violating it by providing viewers an excessive amount of television commercials over the limit ̅ . This implication shows that the penalty rate should be determined at a level that will remove the incentive for food companies to violate the commercial time-length restriction. We refer to this penalty rate as the "threshold penalty rate" denoted by . Equation (7) represents the relationship between the threshold penalty rate and the amount of television commercials aired. Equation (8) clarifies this relationship.
Equation (8) shows the design of the penalty scheme; that is, the relationship between and , given the commercial time limits ̅ . The effectiveness of the regulation depends on the formation of the pair (x, given ̅ . The differentiation of with regard to x determines the shape of the combination shown in Figure1.
Lemma 1 is presented to illustrate Figure1.
Lemma 1: Equation (8) has at least one solution satisfying 0 at the interval [ ̅ , , where meets , which is the first-order condition for maximization in the absence of sanctions.
Proof: The value of the partial derivative (9) becomes infinity as x approaches ̅ , that is, lim → ̅ ∞ . This implies that in the space (x, , a curve depicted by (8) has the slope ∞ of at ̅ .
A food company's profit without sanctions becomes maximum at ; subsequently, decreases while x ̅ , which represents a portion of the fine, increases with an increase in x. The threshold penalty rate can be deduced using this information. Thus, <0 at . Figure 1 illustrates the combinations of x (the actual amount of television commercials) and (the penalty rate that makes a food company indifferent between complying with self-regulation and violating the rule). We shall refer to this curve as the "iso-profit curve." This section examines the iso-profit curve in detail. As long as the amount of television commercials x is less than ̅ (the commercial time limits), no penalty is charged. However, a food company has no incentive to offer x less than ̅ . If a food company offers an amount of television Vol. 7, No. 4; instead of relying of the government. We believe that this is because consumers cannot trust the industry or the organization to which the industry delegates the responsibility. This assumption, which may be accurate, convinces us that the success of industry self-regulation depends on the extent of government involvement in industry self-regulation (in the form of monitoring and supervision).
Iso-Profit Curve
Conclusion
The model presented in this study shows that although food industry self-regulation is effective only with the government involvement, government regulation cannot necessarily provide an incentive for food companies to fully comply with the regulation. With respect to the time length restrictions on television commercials, the penalty rule (except the commercial time limits) already has the property of scheme credibility. Therefore, the food industry self-regulation scheme would ensure the condition in terms of the penalty rule. The commercial time limits, monitoring, and supervision represent the central role of the government. It is apparent that these government roles are inevitable in government regulation as well as in industry self-regulation. We emphasize that the effectiveness of food industry self-regulation depends on the extent of government involvement.
Our study has some limitations. In our model, we assume that the food industry can easily implement industry self-regulation. However, as Gupta and Lad (1983) noted, unless industry self-regulation benefits each company that is planning to participate in the system, the system would not succeed. Additionally, the assumption related to the food companies' homogeneity is controversial. If this assumption were not applied to our model, the diversity of the iso-profit curve would make our arguments more complex. We focus only on time length restrictions on television commercials. Including the content of television commercials as one of the regulation targets might change the role of government from the role discussed in this study. These factors need to be addressed in future research. Finally, we do not discuss a reflective comparison of the effect of television commercials and other media such as Internet in the food industry. This issue will be addressed in our future research.
